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There are disclosed compounds of formula (I), wherein Q represents CR'R 2 , R represents O or CR 3 R 4 , W represents O 
or CH 2 , R 1 , R 2 , R 3 and R 4 independently represent hydrogen or halogen, X represents S(0) n R 5 , alkyl C^, alkoxy C|. 6) acy- 
lamino Cj.g, CONR 6 R 7 , NR 8 R 9 , halogen, a 5- or 6-membered S containing heterocycle, or phenyl optionally substituted by 
alkyl C|_$, n represents 0, 1 or 2, R 5 represents aryl or alkyl C ( .g optionally substituted by one or more substituents selected 
from hydroxy, alkoxy Cj. 6 , halogen and aryl; R 6 , R 7 , R 8 and R 9 independently represent hydrogen or alkyl Cj. 6 , Y repres- 
ents NH 2 or alkoxy C|. 6 , and Z represents an acidic moiety, in addition, when R represents CR 3 R 4 , then -Q-Z may also re- 
present hydroxy or -OP(0) (OH)2, and pharmaceutically acceptable salts thereof, with certain provisos, for use as pharma- 
ceuticals. 
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ATP Analogues 

This invention relates to pharmaceutical^ useful 
compounds, and processes for their production. 

Adenine triphosphate (ATP) has potent pharmacological 

5 effects on a variety of tissues, the activity of ATP and 
the other extracellular adenine nucleotides, adenosine 
diphosphate (ADP) and adenosine monophosphate (AMP) , are 
mediated by P 2 -purinoceptors. However, the potency of 
ATP in some tissues, e.g. the bladder, may be reduced due 

10 to rapid dephosphorylation, to AMP and adenosine, by 
ectonucleotidases present in these tissues. 

In recent studies ATP analogues which are resistant to 
dephosphorylation have been used as biological probes to 
investigate the P 2 -purinoceptors present in a variety of 

15 tissues: 

Cusack et al, Br. J. Pharmacol. . 1987, 90, 791-795, 
describe the activity of 2 -methyl thio-5 1 -adenylic acid, 
monoanhydride with methyl enebisphophonic acid, 
2-methylthio-5» -adenylic acid, monoanhydride with 

20 dichloromethylenebisphophonic acid and 2-methylthio-5 • - 
adenylic acid, monoanhydride with dif luoromethylenebis- 
phosphonic acid on the guinea pig taenia coli and urinary 
bladder. Stone and Cusack, Br. J. Pharmacol. , 1989, 97, 
631-635, describe the use of inter alia 2-methylthio-5 1 - 

25 adenylic acid, monoanhydride with dif luoromethylenebis- 
phosphonic acid in an investigation of P 2 -purinoceptors 
in the rat hippocampus. Maguire and Satchell in 
"Physiological and Regulatory Functions of Adenosine and 
Adenine Nucleotides", Ed. H.P. Baer and G.I. Drummond, 

30 Raven Press, New York, 1979, p. 33-43, disclose the 
inhibition of guinea pig taenia coli by the compound 
2-chloro-5' -adenylic acid, monoanhydride with 
methylenebisphophonic acid. ■ 
Cusack and Hourani, Nucleosides & Nuc leotides, 1991, 

35 10(5), 1019-1028, have also reported that 2-methylthio- 
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5 1 -adenylic acid, monoanhydride with methylenebisphophonic 
acid inhibits ADP-a-S induced platelet aggregation. 

We have now found a group of novel 2-substituted ATP 
derivatives which exhibit pharmacological activity. 
5 According to a first aspect of the present invention, 

there is provided a compound of formula I, 

Y 



I 


is OH OH 


wherein Q represents CR^R" 2 , 
R represents O or CR 3 R 4 , 
W represents O or CU 2 , 

R 1 , R 2 , R 3 and R 4 independently represent 
hydrogen or halogen, 

X represents S(0) n R 5 , alkyl C^, alkoxy C^, 
acylamino C 1-6 , CONR 6 R 7 , NR 8 R 9 , halogen, a 5- or 
6-membered S containing heterocycle, or phenyl optionally 
substituted by alkyl C^g, 

n represents 0, 1 or 2, 

R 5 represents aryl or alkyl C 2 _ 6 optionally 
substituted by one or more substituents selected from 
hydroxy, alkoxy C 1-6 , halogen and aryl; 

R 6 , R 7 , R 8 and R 9 independently represent 
hydrogen or alkyl C 1-6 , 

Y represents NH 2 or alkoxy C 1-6 , and 

2 represents an acidic moiety, 

in addition, when R represents CR 3 R 4 , then -Q-Z 
may also represent hydroxy or -0P(0)(0H) 2 , 
provided that: 
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i) when R is 0, W is 0, X is Cl, Y is NH 2 and Z 
is -P(0)(OH) 2 , then CR X R 2 does not represent CH 2 ; 

and 

ii) when R is 0, W is O, X is SCH 3 , Y is NH 2 and 
5 Z is -P(0)(OH) 2 , then CR 3 ^ 2 does not represent (a) 

CH 2 , (b) CF 2 or (c) CC1 2 , 

and pharmaceutical^ acceptable salts thereof. 

Compounds of formula I may exist in tautomeric, 
enantiomeric and diastereomeric forms, all of which are 
10 included within the scope of the invention. 

According to the invention there is further provided a 
process for the preparation of compounds of formula I, and 
salts thereof, which comprises: 

a) producing a compound of formula I in which R 
15 represents O, or a salt thereof, by reacting a compound of 
formula II, or a salt thereof, 


20 



II 


OH OH 

wherein W, X and Y are as defined above and L x 
represents a leaving group, with a compound of formula III, 
or a salt thereof, 


30 


0 
II 

Z-Q-P-OH 
OH 


III 


35 


wherein Z and Q are as defined above. 

b) producing a compound of formula I in which R 
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10 


15 


20 


represents CR 3 R 4 , or a salt thereof, by reacting a 
compound of formula IV, or a salt thereof, 



IV 


25 


OH OH 

wherein W, X and Y are as defined above and L 2 
represents a leaving group, with a compound of formula V, 
or a salt thereof, 

0 0 

Z -q-P-CR 3 R 4 -P-0H V 

1 I 
OH OH 

wherein Z, Q, R 3 and R 4 are as defined above. 

c) producing a compound of formula I in which R is 
CR 3 R 4 and -Q-Z is -OP(0)(OH) 2 , or a salt thereof, by 
reacting a corresponding compound of formula I in which 
-Q-Z is hydroxy with a compound of formula VI, or a salt 
thereof, 


30 


35 


Lo-P-OH 

3 I 
OH 


VI 


wherein L 3 is a leaving group. 

d) removal of a protecting group from a corresponding 
protected compound of formula I in which one or more of the 
functional groups is protected, 

and where desired or necessary converting the 
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resultant compound of formula I, or another salt thereof, 
to a pharmaceutically acceptable salt thereof or vice 
versa. 

In processes a) and c) leaving groups which L x and 
L 3 may represent include amines, for example, 
dialkylamines or saturated or unsaturated cyclicamines; 
particular leaving groups which may be mentioned include 
morpholinyl, imidazolyl and triazolyl. 

In process b) leaving groups which L 2 may represent 
include alkyl or arylsulphonyloxy groups such as methane- 
sulphonyloxy, trif luoromethanesulphonoxy or p-toluene- 
sulphonyloxy ; or trif luoroacetoxy . 

In processes a) , b) and c) the solvent used is 
preferably a dipolar aprotic solvent, for example, 
pyridine , dimethyl f ormamide , acetonitrile , hexamethyl- 
phosphorictr iamide , N , N ' -dimethylpropyleneurea or 
1 -methyl-2 -pyrrol idinone. The reaction may be carried out 
at a temperature of from -20 to 10(TC, e.g. from 10, to 

30°C. 

Compounds of formulae II to VI are either known or may 
be prepared using methods known to those skilled in the art 
or by techniques analogous to those given in the examples. 
For example, compounds of formula II in which 1^ 
represents morpholinyl may be prepared from the 
corresponding 5 1 -monophosphates by treatment with 
morpholine in the presence of a condensing agent such as 
dicyclohexylcarbodiimide, preferably in the presence of a 
protic solvent or mixture of solvents such as ^utanol 
and water. 

For compounds in which W is 0, the nucleoside 
5 • -monophosphates and nucleosides used in the preparation 
of the compounds of formulae II and IV respectively are 
either known or may be prepared from known compounds using 
known techniques, see, for example, "Chemistry of 
Nucleosides and Nucleotides" Vol. 2, Ed. L roy B. Townsend, 
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15 


Plenum Press 1991. 

In the above processes it may be necessary for any 
functional groups, e.g. hydroxy or amino groups, present in 
the starting materials to be protected, thus process d) may 
involve the removal of one or more protecting groups. 

Suitable protecting groups and methods for their 
removal are, for example, those described in "Protective 
Groups in Organic Chemistry" by Theodora Greene, John Wiley 
and Sons Inc., 1981. Hydroxy groups may, for example, be 
protected by arylmethyl groups such as phenylmethyl , 
diphenylmethyl or triphenylmethyl , or as tetrahydropyranyl 
derivatives. Suitable amino protecting groups include 
arylmethyl groups such as benzyl, (R, S) -a-phenyl ethyl, 
diphenylmethyl or triphenylmethyl, and acyl groups such as 
acetyl-, trichloroacetyl or trif luoroacetyl . Conventional 
methods of deprotection may be used including 
hydrogenolysis, acid or base hydrolysis, or photolysis. 
Arylmethyl groups may, for example, be removed by 
hydrogenolysis in the presence of a metal catalyst e.g. 
palladium on charcoal. Tetrahydropyranyl groups may be 
cleaved by hydrolysis under acidic conditions. Acyl groups 
may be removed by hydrolysis with a base such as sodium 
hydroxide or potassium carbonate, or a group such as 
trichloroacetyl may be removed by reduction with, for 
25 example, zinc and acetic acid. 

Salts of the compounds of formula I may be formed by 
reacting the free acid, or a salt thereof, or the free 
base, or a salt or derivative thereof, with one or more 
equivalents of the appropriate base or acid. The reaction 
may be carried out in a solvent or medium in which the salt 
is insoluble or in a solvent in which the salt is soluble, 
e.g. ethanol, tetrahydrofuran or diethyl ether, which may 
be removed in vacuo , or by freeze drying. The reaction may 
also be a metathetical process or it may be carried out on 
an ion exchange resin. 


zo 


30 


35 
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Pharmaceutical^ acceptable salts of the compounds of 
formula I include alkali metal salts, e.g. sodium and 
potassium salts; alkaline earth metal salts, e.g. calcium 
and magnesium salts; salts of the Group III elements, e.g. 
aluminium salts; and ammonium salts. Salts with suitable 
organic bases, for example, salts with hydroxy lamine ; lower 
alkylamines, e.g. methylamine or ethylamine; with 
substituted lower alkylamines, e.g. hydroxysubstituted 
alkylamines; or with monocyclic nitrogen heterocyclic 

10 compounds, e.g. piper idine or morpholine; and salts with 
amino acids, e.g. with arginine, lysine etc,, or an N-alkyl 
derivative thereof; or with an aminosugar, e.g. 
N-methyl-D-glucamine or glucosamine. The non-toxic 
physiologically acceptable salts are preferred, although 

15 other salts are also useful, e.g. in isolating or purifying 
the product. 

Alkyl groups include straight, branched or cyclic, 
saturated or unsaturated alkyl groups. 

Aryl groups include both carbocyclic and heterocyclic 

20 groups. The groups may contain rings of various numbers of 
C-atoms and may be fused ring structures. Particular 
carbocyclic aryl groups which may be mentioned are phenyl 
and naphthyl. Heteroaryl groups include nitrogen, oxygen 
or sulphur heterocycles and may contain one or more 

25 heteroatoms. Examples of heterocycles containing only one 
heteroatom include pyrrole, furan, thiophen and pyridine. 
Groups containing more than one heteroatom include 
pyrazole, oxazole, thiazole, triazole, oxadiazole, 
thiadiazole etc. 

30 Halogens which X, R 1 , R 2 , R 3 and R 4 may 

represent include F, CI, Br and I. 

When Q represents CR 1 R 2 , we prefer R 1 and R 2 
to be the same, we particularly prefer compounds in which 
R 1 and R 2 both represent Cl. 

35 When R represents CR 3 R 4 , we prefer R 3 and R 4 
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to be the same, we particularly prefer compounds in which 
R 3 and R 4 both represent hydrogen or Cl. 

1 2 

We prefer compounds in which Q represents CR R . 

We prefer compounds in which R represents 0. 
5 We particularly prefer compounds of formula I in which 

Q represents CR^ 2 and R represents 0. 

We prefer compounds in which W represents 0. 

S containing heterocycles which X may represent 
included both saturated and unsaturated heterocycles 
10 containing 1 or 2 S atoms. A particular heterocyclic group 
which may be mentioned is thienyl, particularly 2-thienyl. 

We prefer compounds of formula I in which X represents 
S(0) n R 5 , particularly those compounds in which n 
represents 0. We prefer compounds of formula I in which 
15 R 5 represents alkyl C^, particular alkyl groups which 
may be mentioned include ethyl, butyl and propyl, 
particularly n-propyl. 

We prefer compounds in which Y represents NH 2 * 

Acidic moieties which Z may represent include 
20 Bronsted-Lowry acids, i.e. moieties which act as proton 
donors. The acidic moiety may be mono- or poly-acidic. 
Specific acidic moieties which may be mentioned include 
-P(0)(OH) 2 , -S0 3 H and -C0 2 H. 

We prefer compounds of formula I in which Z represents 

25 -P(0)(0H) 2 . 

The compounds of formula I are useful because they 
exhibit pharmacological activity in mammals. In 
particular, they show activity in the prevention of 
platelet aggregation. 

30 The potency of the compounds of formula I as 

inhibitors of platelet aggregation may be determined from 
their ability to act as P 2T receptor antagonists, see 
Example X. 

The compounds may be used in any condition where 
35 platelet aggregation or disaggregation is involved. The 
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compounds may thus act as antithrombotic agents and are 
indicated in the treatment or prophylaxis of unstable 
angina, thromboembolic stroke and peripheral vascular 
disease. They are also indicated in the treatment or 
prophylaxis of the sequelae of thrombotic complications 
from angioplasty, thrombolysis, endarterctomy, coronary and 
vascular graft surgery, renal dialysis and cardiopulmonary 
bypass. Further indications include the treatment or 
prophylaxis of disseminated intravascular coagulation, deep 
vein thrombosis, P re-eclam P sia/eclampsia, tissue salvage 
following surgical or accidental trauma, vasculitis, 
arteritis, thrombocythaemia , ischemia and migraine. 

According to a further aspect of the invention, we 
~tterefore provide the compounds of formula I, as defined 
above, but without provisos i) , ii) (b) and ii) (e) , as 
pharmaceuticals. 

The dosage to be administered will vary widely, 
depending on, amongst other factors, the part icular 
compound of formula I employed, the particular condition to 
be treated and its severity. However, in general a total 
daily dose of ig may be suitable, which may be administered 
in divided doses up to 6 times per day. 

The compounds will generally be administered in the 
form of a pharmaceutical composition. 

Thus, according to a further aspect of the invention 
there is provided a pharmaceutical composition 
preferably less than 80% w/w, more preferably less than 50% 
„/w e.g. 0.1 to 20%, of a compound of formula I, or a 
pharmaceutical^ acceptable salt thereof, as defined above, 
but without provisos i) , ii) (b) and ii) (O , in admixture 
with a pharmaceutical^ acceptable adjuvant,, diluent or 

"""Examples of pharmaceutical formulations which may be 
used, and suitable adjuvants, diluents or carriers, are as 

s follows: 


WO 92/17488 


PCT/GB92/00590 


- 10 - 


10 


15 


for intravenous injection or infusion - purified water 

or saline solution; 

for inhalation compositions - coarse lactose; 
for tablets, capsules and dragees - microcrystalline 
cellulose, calcium phosphate, diatomaceous earth, a sugar 
such as lactose, dextrose or mannitol, talc, stearic acid, 
starch, sodium bicarbonate and/ or gelatin; 

for suppositories - natural or hardened oils or waxes. 
When the compound is to be used in aqueous solution, 
e.g. for infusion, it may be necessary to incorporate other 
excipients. In particular there may be mentioned chelating 
or sequestering agents, antioxidants, tonicity adjusting 
agents, pH-modifying agents and buffering agents. 

Solutions containing a compound of formula I may, if 
desired, be evaporated, e.g. by freeze drying or spray 
drying, to give a solid composition, which may be 
reconstituted prior to use. 

When not in solution, the compound of formula I 
preferably is in a form having a mass median diameter of 
from 0.01 to lOfin. The compositions may also contain 
suitable preserving, stabilising and wetting agents, 
solubilisers, e.g. a water-soluble cellulose polymer such 
as hydroxypropyl methylcellulose, or a water-soluble glycol 
such as propylene glycol, sweetening and colouring agents 
25 and flavourings. Where appropriate, the compositions may 
be formulated in sustained release form. 

According to a further .aspect of the invention we 
therefore provide the use of a compound of formula I, or a 
pharmaceutical ly acceptable salt thereof, in the 
manufacture of a pharmaceutical composition for the 
treatment of a condition where platelet aggregation or 
disaggregation is involved. 

According to a further aspect of the invention, we 
therefore provide a method of treating a condition where 
35 platelet aggregation or disaggregation is involved which 


20 


30 
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comprises administering a therapeutically effective amount 
of a compound of formula I, as defined above but without 
provisos i) , ii) (b) and ii) (c) , to a patient suffering from 
such a condition. 

The compounds of the invention are advantageous in 
that they are less toxic, more efficacious, are longer 
acting, have a broader range of activity, are more potent, 
are more stable, produce fewer side effects, are more 
easily absorbed, are more readily cleared from the body or 
have other useful pharmacological properties, than 
compounds previously used in the therapeutic fields 
mentioned above. 

The invention is illustrated, but in no way limited, 
by"the "following Examples, in which temperatures are given 
in degrees Celsius. Examples are named using Chemical 
Abstracts nomenclature. 
Example 1 

2-ProPVlthio-5 , -adenylic acid, mono anhvdride with 
dibromomethvlenebisphosphonic acid, tetrasod ium salt 

i) 2-Propvlthioadenosine 

Adenosine-2-thione (2.5 g) in water (15 ml), methanol 
(45 ml) and IN sodium hydroxide solution (8.36 ml) were 
cooled in an icebath and iodopropane (5 ml) introduced. 
After 4 days the reaction mixture was evaporated and the 
residue chromatographed (Si0 2 , ethyl acetate : methanol , 
9:1) to afford the sub-title compound in quantitative 
yield. 

NMR 5 X H (d 6 DMSO) 8.22 (s, 1H) , 7.36 (brs, 2H) , 
5.80 (d, 1H, J=5.9Hz), 5.61 (t, 1H, J=5.5Hz), 5.13 (m, 1H) , 
3.90 (dd, 1H, J=4.0 and 7.7Hz), 3.64 (dd, 1H, J=4.2 and 
11.8HZ), 3.52 (dd, 1H, J=4 . 4 and 11.8Hz), 3.0-3.2 (m, 2H) , 
1.67 (hextet, 2H, J=7.3Hz), 0.99 (t, 3H, J=7.3Hz). 

ii) 2 -Propyl thio-5' - adenylic acid 

The product of step i) (1.0 g) was added to a stirred 
mixture of phosphorus oxychloride (1.06 ml) and triethyl 
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is 


phosphate (25 ml) at -10'C. After 3 hours the reaction 
mixture was poured onto ice and the pH adjusted to 7 with 
solid sodium bicarbonate. The solution was washed with 
ether .(3x150 ml) and then lyophilised. The resulting solid 
5 was taken in deionised water and applied to a column of 
Dowex 50Wx8 (H + form), which was washed with water until 
the eluate was at pH 6, then eluted with 1M ammonium 
hydroxide. Lyophilisation afforded the sub-title compound 
(0.4 g). 

10 NMR fi 31 P (D 2 0) 1.32 (s). 

iii) 2-Propvlthin-g' -adenylic acid , monoanhvdride with 
ri-i ^T-mttmnethvlen^isDhosp h nriHr! acid, tetrasodium salt 

The product of step ii) (0.4 g) and tri-n-butylamine 
(0.175 g) were combined in a small volume of water and the 
solution evaporated to dryness. Azeotropic drying with 
pyridine (3x15 ml) followed by anhydrous dimethyl formamide 
(2x15 ml) left a residue which was taken into anhydrous 
dimethylformamide (10ml). Carbonyldi imidazole (0.77 g) 
was added, and the reaction left at room temperature for 4 
hours before adding methanol (0.24 g) . After 30 min the 
mono tri-n-butylamraonium salt of dibromomethylene- 
bisphosphonic acid (6.5 mmol) in anhydrous 
dimethylformamide (30 ml) was added, and the mixture 
stirred at room temperature for 18 hours. Filtration and 
25 evaporation afforded a residue which was purified by 
chromatography (DEAE-Sepharose, aqueous ammonium 
bicarbonate 0-0. 4M as eluant) . Lyophilisation gave the 
ammonium salt which was redissolved in water (200 ml) and 
treated with triethylamine (10 ml) . Evaporation in vacuo 
produced the tetrakistriethylammonium salt which was 
converted to the tetrasodium form by dissolution in 
methanol (2 ml) and addition of sodium iodide solution (1M 
in acetone, 30 ml). The precipitate was collected by 
centrifugation, washing by repeated suspension in acetone 
35 (4X40 ml) and recentrifugation. Finally the solid was 
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dissolved in water and lyophilised to afford the title salt 
as a white powder (0.42 g) . 

NMR 6 31 P (D 2 0) 8.95 <d, J=36Hz) , 1.35 (dd, J=36 
and 69Hz), -9.15 (d, J=69Hz) . 
5 Example 2 

The following compounds were prepared according to the 
method of Example 1: 

a) 2 -Propvlthio-5 ' -adenylic acid, monoanhvdride with 
dif luoromethvlenebisphosphonic acid, tetr asodium salt 

10 NMR * 31 P (D 2 0) 3.94 (dt, J=145.8 and 196Hz) , 3.11 

to -4.92 (m), -10.15 (d, J=75Hz). 

b) 2-Propvlthio-5 ' -adenylic acid, monoan hvdride with 
dichloromethvlenebisphosphonic acid, tetra sodium salt 

NMR 6 31 P (D 2 0) 9.4 (d, J=46Hz) , 2.3 (dd, J=46 and 
15 73.1Hz), -9.15 (d, J=73.1Hz). 

c) 2-Pentvlthio-5' -adenylic acid, monoanhvd ride with 
dichloromethvlenebisphosphon ic acid, tetrasodium salt 

i) 2 -Pentvl t h i oadenos ine 

NMR S X H (d 6 DMSO) 8.22 (s, 1H) , 7.35 (brs, 1H) , 
20 5.80 (d, 1H, J=5.9Hz), 5.42 (d, 1H, J=6.16Hz), 5.16 (d, 1H, 
J=4.86Hz), 5.02 (t, 1H, J=5.6Hz), 4.61 (q, 1H, J=5.76Hz) , 
4.07-4.15 (m, 1H), 3.85-3.95 (m, 1H) , 3.6-3.7 (m, 1H) , 
3.48-3.6 (m, 1H), 3.0-3.15 (m, 2H) , 1.6-1.7 (m, 2H) , 
1.3-1.45 (m, 4H), 0.88 (t, 3H, J-7.02HZ). 
25 ii) 2-Pentvlthio-5 ' -adenylic acid 

NMR « 31 P (D 2 0) 1.2 (s) . 

iii) 2-Pentvlthio-5' -adenylic acid, m onoanhvdride with 
dichloromethvlenebisphosphonic acid , tetrasodium salt 
NMR « 31 P (D 2 0) 8.55 (d, J=46.2Hz), 2.5-3.5 (m) , 

in 

-9.12 (d, J=70.34H2) . 

d) 2-Fentvlthio-5 l -adenylic acid, m onoanhvdride with 
dibroitiomethvlenebisphosphoni c acid, monoammonium sfrlt 

Purification of the crude product by chromatography 
(DEAE-Sepharose, ammonium bicarbonate 0-0. 4M as eluant) 
35 afforded the title salt. 
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NMR <S 31 P (D 2 0) 7-8 (brs) , 2.5-3.5 (m) , -9.07 (d, 
J=83 .5Hz) . 

e) 2 -Ethvlthio-5 '-adenylic acid, monoanh ydride with 
dichloromethylenebisphosphonic acid, tetraso dium salt 

i) 2 -Ethvlthio-5 '-adenylic acid, disodium salt 
NMR 6 21 P (D 2 0) 5.01 (s) . 

ii) 2-Ethvlthio-5 , -adenylic acid, mono anhydride with 
dichloromethylenebisphosphonic a cid, tetrasodium salt 

NMR S 31 P (D 2 0) 8.25 (d, J=17.04Hz), 3.28 (dd, 
J=18.9 and 28.22Hz), -9.22 (d, J=28.22Hz). 

f ) 2-Ethvlthio-5' -adenylic acid, monoanhydr ide with 
dibromomethvlenebisphosphonic acid, tetraso dium salt 

NMR 6 21 P (D 2 0) 6.5-7.5 (m) , 2.88 (dd, J=14.75 and 
27.33Hz), -10.9 (d, J=28.22Hz). 

g) 2-Butvlthio-5' -adenylic acid, monoanhydr ide with 
dichloromethylenebisphosphonic acid, mondammo nium salt 

i) 2-Butylthio-5' -adenylic acid 
NMR « 31 P (D 2 0) 1.84 (s). 

ii) 2-Butvlthio-5 ' -adenylic acid . monoanhydr ide with 
dichloromethylenebisphosphonic acid, monoa mmonium salt 

NMR <S 31 P (D 2 0). 8.05-8.25 (m) , 3.66 (dd, J=18.48 
and 27.8Hz), -9.03 (d, J=27.8Hz). 

h) 2-Propylthio-5' -adenylic acid, monoanhydr ide with 
methvlenebisphosphonic acid, tetraso dium salt 

NMR S 31 P (D 2 0) 15.8 (d, J=8.3Hz), 10.7 (dd, J=8.4 
and 27Hz), -9.44 (d, J=25.8Hz). 

i) 2-Acetamido-5 l -adenylic acid, monoanhy dride with 
dibromomethvlenebisphosphonic acid, tet rasodium salt 

i) 2 -Acetamido-5' -adenylic acid 
NMR 5 31 P (D 2 0) 4.16 (s) . 

ii) 2-Acetamido-5 t -adenylic acid, monoanhydr ide with 
dibromomethvlenebisphosphonic acid, tetras odium salt 

NMR <5 31 P (D 2 0) 8.99 (d, J=14.7Hz), 1.42 (dd, 
J=14.8 and 28.3Hz), -9.16 (d, 28.3Hz). 
j) 2-Chloro-5 '-adenylic acid, monoanhydride with 
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dichloromethvlenebisphosphonic acid, tetrasodiu m salt 
UvA max (H 2 0) 210nm (e 20,900), 265nm (e 12,700). 

k) 2-Iodo-5 '-adenylic acid, monoanh ydride with 

dif luoromethvlenebisphosphonic acid, tetrasodium salt 
NMR <5 31 P (D 2 0) 4.72 (dt, J=57 and 73Hz), -1.89 

(ddt, J=64, 88 and 31Hz) , -9.86 (d, J=32Hz) . 

1) L-2-Methvlthio-5« -adenylic a cid, monoanhvdride with 

dibromomethvlenebisphosphoni c acid, tetrasodium salt 
NMR 6 31 P (D 2 0) 8.12 (d, J=15Hz) , -0.03 (dd, J=15 

and 26Hz), -9.88 (d, J=28Hz) . 

m) 2-Propvlamino-5' -adenylic a cid, monoanhvdride with 
dichloromethvlenebisphosphonic acid, triso dium salt 

NMR S 31 P (D 2 0) 8.87 (d) , 0.99 (dd) , -9.3 (d) . 
n) 2 -Propyl thio-5' -adenylic acid, monoanhvdride with 
sulphodifluoromethvlphosphonic acid, trisodium salt 

NMR 5 31 P (D 2 0) -8.8 (dt) , -10.0 (d) . 
o) 2-Propvlthio-5' -adenylic acid, monoanhvdride with 
phosphonoacetic acid, trisodium salt 

NMR S 31 P (D 2 0) 11.4 (d), -9.57 (d) . 
p) 2- f2-Thienvl^ -5 '-adenylic acid, monoanhvdride with 
dibromomethvlenebisphosphonic acid, tetras odium salt 

i) 2- (2-Thienvl) -5 '-adenylic acid 
NMR * 31 P (D 2 0) 2.14 (s). 

ii) 2- (2-ThienvlV-5' -adenylic acid, monoanhvdride with 
dibromomethvlenebisphosphonic acid, tetrasodium salt 

NMR « 31 P (D 2 0) 9.53 (d, J=14Hz) , 3.91 (dd, J«14 
and 30Hz), -8.96 (d, J=30Hz) . 

q) 2-Phenv' -5 '-adenylic acid, m onoanhvdride with 
dibromomethvlenebisphosphonic acid, tetrasodium salt 

i) 2-Phenvl-5 '-adenylic acid 
NMR 6 21 P (D 2 0) 0.22 (s) . 

ii) 2-Phenvl-5' -adenylic acid, monoanhvdride with 
dibromomethvlenebisphosphonic acid, tetrasod ium salt 

NMR <S 31 P (D 2 0) 8.55 (d, J=14.1Hz), 2.92 (dd, 
J=14.2 and 29.6HZ), -9.87 (d, J=29.8Hz). 
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example 3 

9-Biit-vl-5'-^nvlic monoanhydride with 

H<hr^mcim e thv.i ^^<"°hoBPhnn1n acid, trisodium salt. , 
i) 9-Biifcvl-S ' -adenylic acid 

The product of Example 2p)i) (1.4 g) was heated with 
activated Raney nickel (1.5 g) in vater (50 ml) at 70'C for 
2 hours. After filtration and washing of the solid with 
water, evaporation of the filtrate afforded the sub-title 
compound as a colourless solid (0.56 g) . 
10 MS (FAB) 404 (M + +l) , 426 (M + +Na) , 192 (100%). 

ii} 7.Rnt Y 1-5'- »^ Y 11e a " H ' monoanhvdride with 
H^^n^th V ^^^nhosphonir. acid, frisodium salt. 

NMR 6 31 P (D 2 0) 8.8 (d) , 1.0 (dd) , -9.4 (d) . 
Example 4 

15 ? -Prnn B w-5'-^^vH C * "* r monoanhvdride Witfa 

^^^^Athvl^^ ph^rttcmln acid, tetrasodjum salt 

i) 2-propoy y-adanosine 

2-Chloro-adenosine (3.5 g) was added to a hot solution 
of NaOH (3.2 g) in n-propanol (80 ml), the mixture was 

20 heated under reflux for 3 hours. The yolatiles were 
removed in vacuo, the residue taken into water (40 ml), 
cooled and acidified with 1M hydrochloric acid to pH 7. 
After 15 min the suspension was filtered and the filtrate 
evaporated. The residue was taken up in ethanol, and 

" adsorbed onto silica which was placed on a chromatography 
column. Elution with 9:1, and then 4:1 CHC1 3 afforded 
the sub-title compound (0.65 g) . 

MS (FAB) 326 (M + +H) . 

ii) ;?-PT-np Q w-F'-«Hgrivli c a ^-iri. Tnonoammonium salt; 

Prepared by the method of Example 1. 
NMR « 31 P (D 2 0+NaOD) 3.17 (s). 
iii, o- P rn pn »v-5 '-^^ YUc arid, monoanhydride with 

MYr ^H yno^^nho^hnnir acid, tPtrasodium salt 

NMR « 31 P (D 2 0) 9.4 (d, J-14.5HZ), 3.77 (dd, J=14 . 3 
and 29.2Hz), -9.0 (d, J=29.7Hz). 


30 


35 


I 

I 
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Example 5 

2- n-Methvlethynthi o-S' -adenylic acid, monoanhYdrifle 
vith dichloromethvleneb isphosphonic acid, trisodium salt 

i) 2 1 ,3' . 5'-Tri-0-acetvl-6-chloro-2-(l-meth ylethyllthio- 

adenosine 

9- (2 ' , 3 1 , 5 , -Tri-0-acetyl-j3-D-ribofuranosyl) -2-amino-6- 
chloropurine (6.6 g) was dissolved in dry acetonitrile (65 
ml), isopropyl disulphide (21 ml) and isoamyl nitrite 
(12.1 ml) were added and the resulting solution purged with 

10 - 

nitrogen for 45 min, then heated under nitrogen at 60 • for 
16 hours. The volatiles were removed in vacuo and the 
residue chromatographed to afford the sub-title compound as 
a yell / oil (3.69 g) . 

Nx*R J 1 !! (d 6 -DMS0) 8.70 (s, 1H) f 6.29 (d, 1H) , 6.02 
15 (m, 1H), 5.61 (t, 1H), 4.39 (m, 2H) f 4.20 (m, 1H) , 4.00 
(septet, 1H), 2.12, 2.07, 1.98 (3xs, 3xlH) , 1.41 d, 6H) . 

ii) 2- ( l-Methylethvll th io-adenosine 

The product of step i) (3.6 g) in ethanol (400 ml) was 
cooled to 0° and saturated with ammonia. The solution was 

20 

allowed to warm to approx. 15°, then heated to 70° in an 
autoclave for 24 hours, the volatiles were removed in vacuo 
and the residue chromatographed to afford the sub-title 
compound (1.95 g). 
25 MS (FAB) 342 (M + +H) (100%). 

iii) 2- f 1-MethylethvH th io-5 ' -adenylic acid 

The sub-title compound was prepared according to the 
method of Example 1. 

NMR S 31 P (D 2 0) 1.1 (s) . 
3Q iy) 2- (1-Methylethvll thio-5 '-a denylic acid, monoanhvdride 
with dichloromethylenebisphospho nic acid, trisodium s^lt 

The title compound was prepared according to the 
method of Example 1. 

NMR 6 31 P (D 2 0) 9.21 (d, J=21Hz) , 2.0 (dd, J=19 and 
30HZ) , -9.33 (d, J=32HZ) . 

35 

Example 6 
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- n . nF . ? ^^»n B -ing. 5»-P ^ Honour with bisff^- 

i} o.^.-n. o-ri-M^h Y i gthvl j -3-pt-opvI th i oadenosine 

To a suspension of 2-propylthioadenosine (2.6 g) in AR 
acetone (97 ml) and 2 , 2-dimethoxypropane (11.3 ml) was 
added p-toluenesulphonic acid monohydrate (1.46 g) in small 
portions over 1 hour. The resulting solution was stirred 
at ambient temperature for 18 hours, diluted with water 
(300 ml) and treated with triethylamine to pH 7. The 
volume was reduced to half in vagus, and the remaining 
solution extracted into chloroform (3x100 ml). The extract 
was dried (MgS0 4 ) , filtered and evaporated. The residue 
was purified by chromatography (Si0 2 , ethyl acetate) to 
afford the sub-title compound (1.8 g) • 
MS (FAB) 382 (M + +H) , BP 210. 

ii) C .- A -M^hv1be ~ ^nnhonvl-o' V-0 O- fl ^ethylet 

^ *on^ -5 ' - ^vy-s-pr-rY 1 »fy ""denosine 

To an ice-cooled solution of the product of step i) 
(16g) in dry dichloromethane (100 ml) was added 
4-dimethylaminopyridine (1.33 g) and then a solution of 
p-toluenesulphonyl chloride (0.88 g) in dry dichloromethane 
(20 ml) over 15 min. After 18 hours at 0-4' the volatiles 
were removed in vacuo and the residue purified by 
chromatography (Si0 2 , ethyl acetate) to afford the 
sub-title compound (1.9 g). 

NMR 6 1 * (CDC1 3 ) 7.7 (s, IH), 7.6 (d f 2H) , 7.1 <d, 
2H), 6.0 (d, IH), 5.7 (S, 2H), 5.4 (d, IH) , 5.0 (m, IH) , 
4.4 (m, IH), 4.2 (m, 2H), 3.0 (m, 2H) , 2.4 (S, 3H) , 1.7 (q, 
2H), 1.6 (s, 3H), 1.4 (S, 3H), 1.1 (t, 3H) . 
iii) o-^ pvnthioa ^ ^nP.. 5'-P^ monaster with bisrfdi- 

A solution of bis [ (dihydroxyphosphinyl ) methyl ] - 
phosphinic acid (0.66 g) in water (10 ml) was adjusted to. 
pH 8.7 by addition of 40% w/v tetrabutyl ammonium hydroxide 
solution, then lyophilised to afford a gum, which was 
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further dried by repeat d dissolution in acetonitrile and 
evaporation of the solvent (3x50 ml). The residue was 
taken in dry acetonitrile (10 ml) and treated with the 
product of step ii) (0.81 g) and the mixture concentrated 
in vacuo to a thick syrup. After stirring overnight at 
ambient temperature the mixture was diluted with water and 
applied to a column of DEAE-Sepharose (Fast Flow) . Elution 
with 0-0. 6M triethylammonium bicarbonate afforded, after 
lyophilisation, a residue which was dissolved in 80% v/v 
acetic acid and heated to 80* for 4 hours. After 
evaporation to dryness the residue was azebtroped with 
water (2x20 ml) , dissolved in methanol (5 ml) and treated 
with a few drops of triethyl amine. To this solution was 
added 1M sodium iodide in acetone to precipitate the sodium 
salt, which was collected by centrifugation, and washed 
several times with acetone. The solid was taken up in 
water and freeze-dried to yield the title salt as a 
colourless solid (96 mg) . 

NMR S 31 P (D 2 0) 28.17 (d) , 18.86 (dd) , 16.39 (d) . 

Example 7 

s-Pronvlthioadenosine. 5'-P^ monoester with bisTfdi- 
chlorodihvdroxvphosphin v l 1 methvl iphosphinic acid, 

tetrasodium salt 

i) Ri s r f dichi orodihvdroxvphosp hinvl ) methvl 1 phosphinic 

acid, pentaethyl ester 

A solution of bis [ (dihydroxyphosphinyl) methyl ]- 
phosphinic acid pentaethyl ester (3.94 g) in chloroform 

(100 ml) was vigorously stirred with commercial sodium 
hypochlorite solution (5.25% available chlorine, 400 ml) at 
ambient temperature for 24 hours. The organic phase was 
separated and evaporated to afford the sub-title compound 

(4.7 g). 

MS (FAB) 531/533/535/537 (M + +H) , BP 533. 

ii) Ri s r f dicM orodihvdroxvphop phi nyl ) methvl 1 phosphinic 

acid 
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Th product of step i) (0.532 g) in dry methylene 
chloride (10 ml) was treated with trimethylsilyl bromide 
(0.912 g) at ambient temperature for 18 hours. The 
volatiles were removed la YjiQifi, and the residue taken up 
in methanol (5 ml) which was evaporated after 2 hours, the 
resulting oil was taken up in deionised water (10 ml) and 
extracted well with ether. Cyclohexylamine was added untU 
the P H was approx. 10, then methanol was added untU a 
turbidity persisted. The solid which deposited on cooling 
was collected and dried, then taken up in water (10 ml) and 
applied to a Dowex 50Wx8 <H + ) column. Elution with 
distilled water and lyophilisation afforded the sub-title 

compound (0.15 g). 

NMR « 31 P (D 2 0) 9.2 (d, J=20.4HZ), 17.9 (t, 

J=18.7Hz). , 

iii) .-^p y^Moa d -nnsHng. 5 ■ -P^ monof>*tPr with bisrfdi- 

ohi ^ndihvd ^^ Yr^^hinvnmpthynpho^hinic ac^,, 

tetrasorHmn is alt 

The title compound was prepared from the product of 
step ii) according to the method of Example 6 (0.35 g) . 

NMR 6 31 P (D 2 0) 20.81 (t, J-14 . 1Hz) , 11.18 (d, 
J=12.1Hz), 9.9 (d, J=12.3Hz). 
T ^vample 8 

■,-p™p YTthin =" ^™*i" e . 5'-P^ monoester with 
^yi^isr^- r>— ^ acid - ^nnnanhydride with 
P^g phm-ic »^h. tetrasodium s;qt, 
i) o. P ™nvithio » ^™H"e- 5'-p l mnnoester with 

The sub-title compound was prepared by the method of 

Example 6iii) • 

NMR « 31 P (D 2 0) 20.97 (d, J=8.56Hz), 15.3 (d, 

J-8.57HZ) . 

U) o-D^pvlthio^ Q ^-ine. 5'-P^ monoester with , 

^yi^bisr^ r*™ <«= B^monoanhYdridn with l-{2 - 

^.rn phpnvl) ^ phn^nhatP monot.riethyl- arnmonxum salt 
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The product of step i) was eluted through a column of 
Dowex 50Wx8 (n-Bu 4 N + form) with deionised water and the 
effluent was lyophilised to afford the tetra-n- 
butylammonium salt of the bisphosphonate material. This 
salt (0,73 mmol) and l-(2-nitophenyl) ethyl phosphoro- 
morpholidate, N,N'-dicyclohexyl morpholine-1- 
carboxamidinium salt (1.09 mmol) were stirred in dry 
pyridine (5 ml) for 48 hours at ambient temperature. The 
solvent was evaporated and the residue taken up in water 
(100 ml) and washed with chloroform (2x50 ml). The volume 
of the aqueous phase was reduced to 10 ml at 30° and 
applied to a column of DEAE-Sepharose which was eluted with 
0-0. 4M triethyl ammonium bicarbonate solution. Th 
appropriate fractions were combined and lyophilised to 
afford the sub-title compound (0.3 g) . 

NMR 5 31 P (D 2 0) 18.43 (d, J=11.31Hz), 7.8 (dd) , 
-10.96 (d, J=26.3Hz). 

iii) 2-Propvlthioadenosine. 5 1 -P^ monoester with 
methvlenebisphosphonic acid, P^ -monoanhvdride with 
phosphoric acid, tetrasodium salt 

The product of step ii) (0.3 g) in 0.4M 
triethylammonium bicarbonate solution (100 ml) containing 
semicarbazide hydrochloride (0.3 g) at 10 v was irradiated 
with a high pressure UV lamp for 2 hours. The solvent was 
removed in vacuo at 30° and the residue purified by 
chromatography on DEAE-Sepharose eluted with 0-0. 6M 
triethylammonium bicarbonate buffer. The relevant 
fractions were combined and lyophilised and the residue 
converted to the tetrasodium salt by the method of Example 
6iii) (1.13 g) . 

NMR fi 31 P (D 2 0) 19.34 (d, J=8.56Hz) , 6.7 (dd) , -6.6 
(d, J=20.96Hz) . 
Example 9 

3-(6-Amino-2-propvlthio-9H-purin -9-vl>-5-fhvdroxv- 
methyl)-1.2-cvclopentanediol 5-di hvdroaen phosphate. 
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^^YrfT-id c ***** rlHchlornmPthvlenebi^hnsphonic acid, 
trlsodiiim salt 

i) ^-Prnpvlth ^ n-pvr il»P A i ng-4 . 6-diol 

To a solution of 4 ,6-dihydroxy-2-mercaptopyrimidine 
(100 g) in potassium hydroxide (2.5N, 571 ml) was added 
propyl iodide (76.8 ml) and the whole was stirred for 4 
days. The solution was acidified to pH 2-3 and filtered to 
afford the sub-title compound (15 g) . 

MS 330 M + (di-TMS), BP 315. 

ii) s-wi i..ro-2- p ™ pvi thionvri mi djne-4 , 6-diol 

The product of step i) (2 g) was added to ice-cooled 
fuming nitric acid (10 ml) over 1 hour and stirred at 0' 
for a further 1 hour. Pouring into ice followed by drymg 
afforded the sub-title compound as a beige solid (1.7 g). 

MS 375 M + (di-TMS), BP 360. 

iii) a , fi-nH ehlo r "-*-^ tr Q -?-p^vithi opvriroidine 

The product of step ii) (1.7 g) , phosphoryl chloride , 
(10 ml) and N,N-diethylaniline (3 ml) were heated to reflux 
for 1 hour, then concentrated to half volume and poured 
onto ice to yield a black tar. Extraction of the tar with 
ether afforded a solution which was dried (MgS0 4 ) then 
evaporated. The residue was chromatographed (Si0 2 , light 
petrol) to afford the sub-title compound (0.8 g). 

MS 267/269/271 M + , BP 41. 

iv) 4 , fi-nlchlor o -^-p^vlthi o-pyrlmidine-5-amine 

To a solution of the product of step iii) (1 g) in 
glacial acetic acid (10 ml) was added reduced iron powder 
(1 1 g) . The temperature was reduced to 60' by cooling and 
then heated at 60 • for 15 min. The reaction was evaporated 
to dryness and the residue extracted into ether (100 ml), 
washed with dilute sodium hydroxide solution and dried. 
Evaporation afforded the sub-title compound as a dark oxl 
(0.8 g) . 

NMR 5% (CDC1 3 ) 4.2 (brs, 2H), 3.1 (t, 2H) , 1.71 
(q, 2H), 1.05 (t, 3H). 
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v) 7-f^-AminQ-fi-chloro- ?-p^-Qpvlthiopvriroidinp-4-Yl 
f h Y drox v n»g*--h Y l ) -cv^l npentane-1 . 2-diol 

The product of step iv) (4.6 g) was added to a 
solution of 3-amino-5-(hydroxymethyl)-cyclopentane-l, 2-diol 
(1.41 g) in butan-l-ol (200 ml) containing triethylamine 
(10 ml) and the whole heated to reflux for 48 hours. 
Evaporation gave a dark residue which was chromatoc raphed 
(Si0 2 , 10% ethanol/dichloromethane) to afford the 
sub-title compound (2.8 g) . 

10 j. 

MS 349/350 (M + +H) , BP 349. 

vi) ^- /fi-Amlno-^-pr-nnvlth ^ o-QH-nnr in-Q-vl ) -5- (hydroXV- 

^ Yl) -i [? -r.v C io D ^ ^Prti 0 i s-rtihydrocten phosphate 

The product of step v) (0.2 g) and diethoxymethyl 
acetate (10 ml) were stirred at ambient temperature under 
" nitrogen for 1 hour, then at 80' for 24 hours. Evaporation 
afforded a residue which was treated with liquid ammonia 
(15 ml) in an autoclave at 60* for 16 hours. The ammonia , 
was allowed to evaporate and the residue taken up in 0.5M 
hydrochloric acid (10 ml) at 60" for 45 min. The volatiles 
Z ° were removed in vacuo and the remaining material dissolved 
in water (10 ml). Upon neutralisation with concentrated 
ammonia the sub-title compound crystallised and was 
collected and dried (0.15 g) . 

MS (FAB) 340 (M + +H) , BP 340. 
" vii) ? . ( «.Awino- ? -prnpvl thio-QH-PUrin-9-yl ) -5- { hydroxy- 
^>, Y i)-i ,2-evelnppntanedio i R-Hihvdroaen phosphate 

The product of step vi) was converted to the sub-title 
compound by the method of Example 1. 
30 NMR S 21 P (D 2 0) 2.85.(s). 

Viii) Amino- ? -pr-ntivlthin-OH-PUrin-ft-YD-S-fhYdgOXY- 

^j-hyn-l.^yr/iopent ^nPfHol 5-dihvdrogen phosphate, 

^nnnanhvdriHP with dic M m-nmethvlenebisphosphonic acjd, 

^T-i sodium salt 

The product of step vii) was converted to the title 

35 , - 

salt by the method of Example 1. 
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NMR 6 31 P (D 2 0) 8.54 (d, J=18.73Hz), 0.84 (dd) , 
-9.5 (d, J=29.61Hz) . 
Example 10 

1- ( 6-Methoxv-2-propvlthio-purin -9-vll -ribofuranos-5 1 - 
yl-phdsphate. monoanhvdride with dichloro methvlenebis- 
phosphonic acid, trisodi um salt 

i) 2 1 . 3 1 . 5 ' -Tri-0-acetvl-6-chloro-2-propvlthioade nosine 
The sub-title compound was prepared according to the 

method of Example 5i) , using Di-n-propyl disulphide. 

NMR (CDC1 3 ) 8.13 (s, 1H) , 6.14 (d, 1H) , 5.93 

(t, 1H), 5.60 (t, 1H), 4.3-4.5 (m, 3H) , 3.21 (t, 2H), 2.15, 
2.13, 2.11 ( 3xs , 3x3H), 1.8 (m, 2H) , 1.07 (t, 3H) . 

ii) 6-Methoxv-2-propvlthio-9-ri bofuranosvl-purine 

The compound from step i) (5.2 g) was dissolved in 1M 
sodium methoxide in methanol solution (53 ml) and heated to 
reflux for 1 hour under nitrogen. Dilution with water (100 
ml) , neutralisation with dilute hydrochloric acid and 
evaporation of the methanol gave an oil. Trituration with 
water and then dichloromethane afforded the sub-title 
compound as a colourless solid (1.35 g) . 

MS (FAB) 357 (M + +H) , BP 225. 

iii) 1- ( 6-Methoxv-2-propvlthio- Purin-9-Yl^ -ribofuranos-5 ' - 

yl -phosphate 

The sub-title compound was prepared according to the 
method of Example 1. 

NMR 6 31 P (D 2 0) 1.69 (s) . 

iv) l-f 6-Methoxv-2-propvlthio-Purin- 9-yll -ribofuranos-5 1 - 
vl -phosphate, monoanhvdride with dichlbromet hvlenebis- 
phosphonic acid, trisodium salt 

The title salt was prepared according to the method of 
Example 1. 

NMR * 31 P (D 2 0) 8.59 (d, J=18Hz) , 1.73 (dd f J=18 
and 29Hz), -9.94 (d, J=29Hz) . 
Example X 

Quantification of P 2 t receptor agonist/antagonist 
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activity in washed human platelets. 
Preparation 

Human venous blood (100 ml) was divided equally 
5 between 3 tubes, each containing 3.2% trisodium citrate 
(4 ml) as anti-coagulant. The tubes were centrifuged for 
15 min at 240G to obtain a platelet-rich plasma (PRP) to 
which 300 ng/ml prostacyclin (PGI 2 , 3/il/ml PRP of 1/10 
diln. in saline from stock 1 mg/ml in ethanol) was added to 
stabilize the platelets during the washing procedure. Red 
cell free PRP was obtained by centrifugation for 10 min at 
125G followed by further centrifugation for 15 min at 
640G. The supernatant was discarded and the platelet 
pell et resuspended in m odified, calcium free, Tyrode 
15 solution ((10 ml) CFT, composition: NaCl 137inM (8 g/1) , 
NaHC0 3 11.9mM (1 g/1), NaH 2 P0 4 0.38mM (0.06 g/1), KC1 
2.86mM (1 ml of 20% soln./l) , MgCl 2 1.05 mM (1 ml of 10% 
soln./l), dextrose 5.55mM (1 g/1)), gassed with 95% 0 2 /5% 
C0 2 and maintained at 37°. Following addition of a 
further 300 ng/ml PGI 2 , the pooled suspension was 

20 

centrifuged once more for 15 min at 640G. The supernatant 
was discarded and the platelets resuspended initially in 10 
ml CFT with further CFT added to adjust the final platelet 
count to 2xl0 5 //xl. This final suspension was stored 

25 in a 60 ml syringe at 3* with air excluded. 

To allow recovery from PGI 2 -inhibition of normal 
function, platelets were used in aggregation studies no 
sooner than 2 hours after final resuspension. In all 
studies 430 Ml aliquots of platelet suspension were 

30 added to siliconized aggregation cuvettes containing 
CaCl 2 solution (10 jLtl of 45 mM soln. , final cone. ImM) 
and stirred at 900 rpm in a PAP4 aggregometer (Biodata) . 
Human fibrinogen (Sigma, F 4883) and 8-sulphophenyl- 
theophylline (8-SPT, to block any P x agonist activity of 
compounds) were added to give final concentrations of 0.2 
mg/ml (10 /il of 10 mg/ml solution of clottable protein 
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in saline) and 3xlO" 4 M (10 nl of 5.6 mg/ml solution in 
6% glucose), respectively. Recording of aggregation was 
then started. 
Protocol 

a y selection of subma vimal ADP concentration 

A concentration of ADP producing a just submaximal 
response was selected by constructing a concentration/ 
response curve over the range 10-3 OOmM. The appropriate 
solution of ADP was added to the aggregation cuvette in a 
volume of 10 /il, 20 min after starting the aggregation 
trace. Aggregation responses were measured using the 
maximum rate of change in light transmission, an index 
given by the PAP4 slope-reader. The submaximal 
concentration of ADP selected at this stage of the protocol 
was used in the subsequent assessment of antagonist potency 
of the compounds. All measurements were made in duplicate 
in platelets from each donor. 

b) Apsessmen*- «f aaon ^ st/antaaoni st potency 

5 min after starting the aggregation trace, saline or 
the appropriate solution of test compound was added to an 
aggregation cuvette in a volume of 30 /il to give a final 
concentration of 0, 10, 100 or 1000 nVL. Aggregation at 
this point was indicative of agonist activity and, if it 
occurred, agonist potency was estimated by comparison with 
control ADP responses obtained in a) . If aggregation did 
not occur the previously selected submaximal concentration 
of ADP was added in a volume of 10 fil, 15 min after the 
test compound. Antagonist potency was estimated as a % 
inhibition of the control ADP response to obtain an 
approximate IC 50 . Compounds which completely inhibited 
the ADP response at the initial concentrations were 
retested at a lower concentration range. Compounds with an 
IC 50 <10 _8 M were also retested in the absence of 8-SPT 
to confirm the lack of any P x agonist activity and with a 
2 min rath r than a 15 min incubation to check whether 
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inhibition was time dependent. 
Results 

Results are reported as the negative logarithm of the 
antagonist potency (pIC 50 ) obtained in duplicate form 
from each of 4 donors • For compounds with pic 50 >8 a 
comment "clean" is made if there is no evidence of P x 
agonist activity. An IC 50 <3 is defined as "inactive". 


35 
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Claims : 

1. Compounds of formula I, 


o • 0 


25 


30 



35 


Z-Q-P-R-f-0 
OH OH 


OH OH 

1 2 

wherein Q represents CR R , 
r represents O or CR 3 R 4 , 
W represents O or CH 2 , 

R 1 , R 2 , R 3 and R 4 independently represent 

hydrogen or halogen, 

X represents S(0) n R 5 , alkyl C^, alkoxy C^, 
acylamino C^, CONR 6 R 7 , NR 8 R 9 , halogen, a 5- or 
6-membered S containing heterocycle, or phenyl optionally 
substituted by alkyl C 1-6 , 

n represents 0, 1 or 2, 

R 5 represents aryl or alkyl C^ 6 optionally 
substituted by one or more substituents selected from 
hydroxy, alkoxy C x _ 6 , halogen and aryl; 

R 6 , R 7 , R 8 and R 9 independently represent 
hydrogen or alkyl Cj.g, 

Y represents NH 2 or alkoxy C^, and 

Z represents an acidic moiety, 

in addition, when R represents CR 3 R 4 , then -Q-Z 
may also represent hydroxy or -OP(0)(OH) 2 , 

provided that: 

i) when R is O, W is 0, X is Cl, Y is NH 2 and Z 
is -P(0)(OH) 2 , then CR 3 * 2 does not represent CH 2 ; 

and , , 

ii) when R is O, W is 0, X is SCH 3 , Y is NH 2 and 
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Z is -P(0)(OH) 2 , then CR X R 2 does not represent (a) 
CH 2 , (b) CF 2 or (c) CC1 2 , 

and pharmaceutically acceptable salts thereof. 

2. A compound of formula I, as defined in Claim 1, or a 
5 pharmaceutically acceptable salt thereof, wherein Z is 

-P(0) (0H) 2 . 

3. A compound of formula I, as defined in Claim 1 or 2, 
or a pharmaceutically acceptable salt thereof, wherein Q is 
CR^-R 2 and R is 0. 

10 4. A compound of formula I, as defined in any one of the 
preceding claims, or a pharmaceutically acceptable salt 
thereof, wherein W is 0- 

5. A compound of formula I, as defined in any one of the 
preceding claims, or a pharmaceutically acceptable salt 

15 thereof, wherein X is S(0) n -alkyl. 

6. A compound of formula I, as defined in Claim 5, or a 
pharmaceutically acceptable salt thereof, wherein n is 0. 

7. A compound of formula I, as defined in Claim 1, which 
is 

20 2-Propylthio-5* -adenylic acid, monoanhydride with 

dichloromethylenebisphosphonic acid , 

or a pharmaceutically acceptable salt thereof* 

8. A compound of formula I, as defined in Claim 1, which 
is 

25 2-Propylthio-5' -adenylic acid, monoanhydride with 

dibromomethy lenebisphosphonic acid , 

2 -Propylthio-5 1 -adenylic acid, monoanhydride with 
dif luoromethy lenebisphosphonic acid , 

2-Pentylthio-5 '-adenylic acid, monoanhydride with 
30 dichloromethylenebisphosphonic acid, 

2-Pentylthio-S 1 -adenylic acid, monoanhydride with 
dibromomethy lenebisphosphonic acid, 

2-Ethylthio-5' -adenylic acid, monoanhydride with 
dichloromethylenebisphosphonic acid , 
35 2-Ethylthio-S 1 -adenylic acid, monoanhydride with 
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dibromomethylenebisphosphonic acid 

2 -Butyl thio-5' -adenylic acid, monoanhydride with 
dichloromethylenebisphosphonic acid, 

2 -Propyl thio-5' -adenylic acid, monoanhydride with 
methyl enebisphosphonic acid, 

2 -Acetamido-5' -adenylic acid, monoanhydride with 
dibromomethylenebisphosphonic acid, 

2-Chloro-S 1 -adenylic acid, monoanhydride with 
dichl or omethy 1 eneb isphosphonic ac id , 

2-Iodo-5' -adenylic acid, monoanhydride with 
difluoromethylenebisphosphonic acid, 

L-2-Methylthiq-S 1 -adenylic acid, monoanhydride with 
dibromomethylenebisphosphonic acid , 

2-Propylamino-5' -adenylic acid, monoanhydride with 
dichloromethylenebisphosphonic acid, 

2-Propylthio-5' -adenylic, acid, monoanhydride with 
sulphodifluoromethylphosphonic acid, 

2-Propylthio-5' -adenylic acid, monoanhydride with 

phosphonoacetic acid, 

2-(2-Thienyl) -5 '-adenylic acid, monoanhydride with 

dibromomethylenebisphosphonic acid, 

2-Phenyl-5' -adenylic acid, monoanhydride with 
dibromomethylenebisphosphonic acid, 

2-Butyl-5* -adenylic acid, monoanhydride with 
dibromomethylenebisphosphonic acid, 

2-Propoxy-5' -adenylic acid, monoanhydride with 
dibromomethylenebisphosphonic acid, 

2- (1-Methylethyl) thio-5' -adenylic acid, monoanhydride 
with dichloromethylenebisphosphonic acid, 

2-Propylthioadenosine, S'-P 1 monoester with bis[(di- 
hydroxyphosphiny 1 ) methyl ] phosphinic acid , 

2-Propylthioadenosine, S'-P 1 monoester with bis[(di- 
chlorodihydroxyphosphinyl ) methyl ] phosphinic acid , 

2-Propylthioadenosine, S'-P 1 monoester with 
methylenebisphosphonic acid, P 2 -monoanhydride with 
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phosphoric acid, 

2- Propylthioadenosine, S'-P 1 monoester with 
methylenebisphosphonic acid, 

3- (6-Amino-2-propylthio-9H-puirin-9-yl)-5-(hydroxy- 

methyl)-l, 2-cyclopentanediol 5-dihydrogen phosphate, 
monoanhydride with dichloromethylenebisphosphonic acid, 

1 -(6-Methoxy-2-propylthio-purin-9-yl)-ribofuranos-5 l - 
yl-phosphate, monoanhydride with dichloromethylenebis- 
phosphonic acid, 

or a pharmaceutical ly acceptable salt of any one 

thereof. 

9. A pharmaceutical composition comprising a compound of 
formula I, as defined in any one of the preceding Claims, 
but "without provisos i) , ii) (b) and ii) (c) , or a 
pharmaceutical ly acceptable salt thereof, in admixture with 
a pharmaceutical^ acceptable carrier, diluent or adjuvant. 

10. A process for the preparation of a compound of formula ^ 
I, as defined in any one of Claims 1-8, or a 
pharmaceutical ly acceptable salt thereof, which comprises 

a) producing a compound of formula I in which R 
represents O, or a salt thereof, by reacting a compound of 
formula II, or a salt thereof 


wherein W, X and Y are as defined in Claim 1 and L x 
represents a leaving group, with a compound of formula III, 
or a salt thereof, 



OH 


OH 
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wherein Z and Q are as defined in Claim 1. 
b) producing a compound of formula I in which R 
represents CR 3 R 4 , or a salt thereof, by reacting a 
compound of formula IV, or a salt thereof, 

Y 


IV 


OH OH 

wherein W, 1 X and Y are as defined in Claim 1 and L 2 
represents a leaving group, with a compound of formula V, 
or a salt thereof, 


25 


30 


o o 

Z-Q-l-CR 3 R 4 4-OH 


OH 


OH 


wherein Z, Q, R 3 and R 4 are as defined in Claim 1. 

c) producing a compound of formula I in which R is 
CR 3 R 4 and -Q-Z is -0P(0)(0H) 2 , or a salt thereof, by 
reacting a corresponding compound of formula I in which 
-Q-Z is hydroxy with a compound of formula VI, or a salt 
thereof , 


35 


o 

II 

L3-P-0H 


VI 


H 
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wherein L 3 is a leaving group. 

d) removal of a protecting group from a corresponding 
protected compound of formula I in which one or more of the 
functional groups is protected, 

and where desired or necessary converting the 
resulting compound of formula I, or another salt thereof, 
to a pharmaceutically acceptable salt thereof or vice 
versa . 


35 
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